WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
C08F 210/16, 4/64 


Al 


(11) International Publication Number: WO 93/25591 
(43) International Publication Date: 23 December 1993 (23.12.93) 


(21) International Application Number: PCT/EP93/01528 

(22) International Filing Date: 16 June 1993 (16.06.93) 

(30) Priority data: 

MI92A001498 18 June 1992 (18.06.92) IT 
MI93A000943 1 1 May 1993 (1 1.05.93) IT 


(81) Designated States: CA, FI, JP, KR, NO, RU, European 
patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE). 

Published 

With international search report. 



(71) Applicant: SPHERILENE S.R.L. [IT/IT]; Foro Buona- 

parte, 31, I-Milan (IT). 

(72) Inventors: GALIMBERTI, Maurizio ; Via Vertoiba, 4, I- 

20137 Milan (IT). RESCONI, Luigi ; Via Mentessi, 43, 
1-44100 Ferrara (IT). ALBIZZATI, Enrico ; Via Roma, 
64, 1-28041 Arona (IT).. 

(74) Agent: HARRISON, David, Christopher; Mewburn Ellis, 
2 Cursitor Street, London EC4A 1BQ (GB). 



(54) Title: PROCESS FOR PREPARING AN ETHYLENIC POLYMER 



(57) Abstract 

A process for the preparation of an ethylene/ 1-butene or ethylene/ 1-butene/diene elastomer by slurry polymerization of 
the monomers in a polymerization medium consisting mainly of an excess of the 1-butene maintained in liquid form, performed 
in the presence of a catalyst based on a metallocene compound of Ti, Zr or Hf. This process is exempt from occurrence of reactor 
fouling and enables the recovery of the polymer without the use of steam as a stripping agent. 



BNSDOCiD: <WO 9325591 A1> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauritania 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


BB 


Barbados 


CB 


United Kingdom 


NL 


Netherlands 


BE 


Belgium 


CN 


Guinea 


NO 


Norway 


BF 


Burkina Faso 


CR 


Greece 


N2 


New Zealand 


BC 


Bulgaria 


HU 


Hungary 


PL 


Poland 


BJ 


Benin 


IE 


Ireland 


PT 


Portugal 


BR 


Brazil 


IT 


Italy 


RO 


Romania 


CA 


Canada 


JP 


Japan 


RU 


Russian Federation 


CF 


(Antral African Republic 


KP 


Octnocratic People s Republic 


SO 


Sudan 


CC 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SK 


Slovak Republic 


CI 


C'otu dM voire 


KZ 


Kazakhstan 


SN 


Senegal 


CM 


Cameroon 


LI 


Liechtenstein 


su 


Soviet Union 


CS 


Czechoslovakia 


LK 


Sri tanka 


TO 


Chad 


C2 


Czech Re pub Ik' 


I.U 


1 .uxemhourg 


TC 


Togo 


OE 


tier many 


MC 


Monaco 


UA 


Ukraine 


DK 


Denmark 


MC 


Madagascar 


US 


United States of America 


ES 


Spain 


Ml. 


Mali 


VN 


Viet Nam 


Fl 


Kin land 


MN 


Mongolia 







BNSOOCID: <WO 9325591A1> 



WO 93/25591 PCT/EP93/01528 



10 



PROCESS FOR PREPARING AN ETHYL ENIC POLYMER 

The present invention relates to a process for 
preparing an ethyienic copolymer. More particularly, it 
relates to a slurry polymerization process for preparing 
an elastomeric ethylene-based copolymer. 

Among the ethylene-based elastomeric copolymers, 
only ethylene -propylene (EPM) and ethylene-propylene - 
diene (EPDM) elastomers are produced on a commercial 
scale, at the date of the present invention. 

The industrial production of EPM and EPDM 
elastomers is currently carried out in the presence of 
Ziegier-Natta vanadium-based catalysts, by solution or 
slurry processes. 
15 In the solution processes, the comonomers are 

dissolved in a solvent, commonly hexane, in which the 
formed polymer is soluble. In the slurry processes, the 
reaction medium is essentially formed by an excess- of the 
liquid propylene which acts as a polymerization diluent, 
20 and the polymer is formed as a solid precipitate 
suspended in the liquid phase. 

A slurry process offers a number of advantages 
over a solution process, namely: 

no stirring viscosity problems; 
25 - very homogeneous reaction medium; 

easier removal of the reaction heat; 
increased reactor throughput owing to higher 
concentration of the polymer in the medium ,- 
higher polymerization yields; 
3Q - capability of producing very high MW polymers; 

energy savings for the recovery of the pc Trier ; 
lower investment and production costs. 
However, a major problem of a suspension process 
arises from the adhesive properties of the rubbery 
35 material. As a matter of fact, the solid particles of 
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the polymer have a tendency to stick to one another or to 
the wall surface and to the agitating element of the 
reactor. This worsens to a large extent the diffusion of 
ethylene in the reaction medium and, what is more, causes 
intensive fouling of the reactor, thus rendering the 
preparation of the polymer very difficult. 

In order to avoid such problems, a solvent, such 
as toluene or cyclohexane, can be added to the reaction 
medium, which acts both as antifouling agent and as 
vehicle of the catalyst system. The use of a low boiling 
diluent, such as propane, has also been proposed. As a 
result, however, the above indicated advantages of a 
slurry process are drastically decreased. 

Another solution which has been proposed to 
15 render the process in bulk possible, is the addition of 
antistatic agents into the polymerization reactor. This 
solution, however, is not completely satisfactory and, 
moreover, has the drawback of introducing undesired 
compounds in the final product . 
20 Recently, processes have beer iisclosed for the 

preparation of elastomeric ethylene copolymers in the 
presence of metallocene/alumoxane catalysts. 

European Patent Application No. 347,128 discloses 
a process for producing an ethylene/a-olef in elastomer in 
25 slurry polymerization, utilizing a zirconocene/alumoxane 
catalyst supported on a silica gel support. The examples 
relate to the preparation of ethylene/propylene 
copolymers in liquid propylene. It is said that, unless 
the supported catalyst is prepolymerized with ethylene or 
3 0 another or-olefin before being used in the slurry 

polymerization process, the reactor fouling invariably 
■occurs to a very large extent . 

In European Patent Application No. 53 5,23 0, a 
slurry polymerization process for preparing an ethylene- 
3 5 based copolymer has been proposed, which prevents the 



BNS0OC1D: <WO 932559 1A1> 



SUBSTITUTE SHEET 



WO 93/25591 PCI7EP93/01528 



xn 



10 



occurrence of fouling. This process is carried out 
the presence of both a polysiloxane additive and a silica 
gel supported zirconocene/methylalumoxane catalyst . All 
of the examples relate to ethylene/propylene elastomers. 
In the comparative examples in which no polysiloxane 
additive has been used, clogging and jamming have been 
observed . 

The applicants have now unexpectedly found that a 
process for the preparation of an ethylene/o-olef in or 
ethylene/a-olef in/polyene elastomeric copolymer can be 
successfully performed as a slurry process with the 
liquid or-olefin as the reaction medium, in the presence 
of a metallocene-based catalyst, without resorting to 
supporting or prepolymerization treatment of the catalyst 
15 or to the use of additives, when the or-olefin monomer is 
1-butene . 

Therefore, it is an object of the present 
invention a process for the preparation of an elastomeric 
ethylene-based copolymer, comprising the slurry 
20 polymerization reaction of a mixture which comprises 

ethylene, 1-butene and, optionally, a minor amount of a 
polyene, in a polymerization medium consisting 
essentially of liquid 1-butene together with dissolved 
ethylene gas, in the presence of catalytic amounts of a 
25 non pre-polymerized catalyst based on a metallocene 
compound of Ti, Zr or Hf . 

Catalysts suitable for the process of the present 
invention can be prepared, for example, by contacting: 
(A) a metallocene compound of the formula (I) : 



30 



(C s R 1 5 . in )R 2 m (C s R 1 s . m )MQ 2 (I) 

optionally pre -reacted with an organometallic 
aluminium compound of the formula (II) : 



35 
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A1R 3 3 - 2 H 2 (II) 

wherein M is a metal selected from the group 
consisting of Ti, Zr and Hf; the C 5 R l s -m groups, 
same or different from each other, are equally or 
differently substituted cyclopentadienyl rings; 
the substituents R\ same or different from each 
other, are hydrogen atoms, alkyl , alkenyl, aryl , 
alkylaryl or arylalkyl radicals containing from l 
to 2 0 carbon atoms, which may also contain Si or 
Ge atoms, or Si(CH 3 ) 3 groups, or two or four 
substituents R 1 of the same cyclopentadienyl ring 
can form one or two rings having from 4 to 6 
carbon atoms; R 2 is a bridging group which links 
15 the two cyclopentadienyl rings and is selected 

among CR X 2 , C 2 R\, S±R\, Si 2 R\, GeR 1 2 , Ge 2 R\, 
R 1 2 S±CR 1 2t NR 1 or PR 1 , wherein the substituents R\ 
same or different from each other, are defined as 
above; the substituents Q, same or different from 
each other, are hydr~ an, halogen atoms, CH, SH, 
R 1 , OR 1 , SR 1 , NR X 2 or PR l 2 , wherein the substituents 
R 1 , same or different from each other, are defined 
as above; the substituents R 3 , same or different 
from each other, are alkyl, alkenyl or alkylaryl 
25 radicals containing from l to 10 carbon atoms 

which may also contain Si or Ge atoms; m can be 0 
or 1; z can be 0 or 1; and 
(B) an alumoxane compound, optionally in admixture 

with an organometallic aluminium compound of the 
3 0 formula (II) : 

A1R 3 3 _ Z H 2 (II) 



20 



35 



wherein z and the substituents R 3 are as defined 
above, or at least one compound capable of 
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reacting with the metallocene compound to give a 
cationic alkyl metallocene. 

The molar ratio between the aluminium and the 
metal of the metallocene compound is generally comprised 
between about 100 and 10,000, preferably between about 
300 and 5,000, more preferably between about 500 and 
2 , 000 . 

Preferred metallocene compounds suitable for the 
process according to the present invention are those of 
the formula (I) in which the metal M is zirconium, namely 
zirconocenes, and the substituents Q are chlorine atoms 
or hydrocarbyl groups containing from 1 to 7 carbon 
atoms, preferably methyl groups. 

In order to be able to incorporate the l-butene 
15 units into the polymeric chain, it is preferred that not 
all of the R 1 substituents of the same cyclopentadienyl 
ring be a cumbersome radical. Thus, suitable 
metallocenes are those which have at least one and," more 
preferably, at least two R 1 substituents of the same 
cyclopentadienyl ring which are an hydrogen atom. 
Alternatively, metallocenes in which all the R 1 
substituents form aromatic rings are also suitable. 

Non limitative examples of metallocene compounds 
of the formula (I) are: 
25 (Cp) 2 ZrCl 2 (MeCp) 2 ZrCl 2 (Me 2 Cp) 2 ZrCl 2 

(Ind) 2 ZrCl 2 (H 4 Ind) 2 ZrCl 2 (Me 2 Si (Cp) 2 ZrCl 2 

Me 2 Si(MeCp) 2 ZrCl 2 Me 2 Si ( Ind) 2 ZrCl 2 C 2 H 4 ( Ind) 2 ZrCl 2 

C 2 H 4 (H 4 Ind) 2 ZrCl 2 Me 2 Si ( Ind) 2 ZrCl 2 Ph (Me) Si ( Ind) 2 ZrCl 2 

Ph 2 Si(Ind) 2 ZrCl 2 Me 2 C(Flu) (Cp)ZrCl 2 C 2 Me 4 ( Ind) 2 ZrCl 2 

3 0 Me 2 SiCH 2 ( Ind) 2 ZrCl 2 C 2 H 4 { 2 - Melnd) 2 ZrCl 2 C 2 H 4 ( 3 -Melnd) 2 ZrCl 2 
C 2 H 4 (4, 7-Me 2 Ind) 2 ZrCl 2 C 2 H 4 (5 , 6-Me 2 Ind) 2 ZrCl 

C 2 H 4 (2,4, 7-Me 3 Ind) 2 ZrCl 2 c 2 E 1 (3,4, 7-Me 3 Ind) 2 ZrCl 2 

C 2 H 4 (2-MeH 4 Ind) 2 ZrCl 2 „ c 2 H 4 (4 , 7-Me 2 H 4 Ind) 2 ZrCl 2 

C 2 H 4 (2 , 4 , 7-Me 3 H 4 Ind) 2 ZrCl 2 Me 2 Si (2-MeInd) 2 ZrCl 2 

35 Me 2 Si (3 -Melnd) 2 ZrCl 2 Me 2 Si (4 , 7-Me 2 Ind) 2 ZrCl 2 



20 
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Me 2 Si (5,6 -Me 2 Ind) 2 ZrCl 
Me 2 Si (3,4 , 7-Me 3 Ind) ,ZrCl 2 
Me 2 Si (4, 7-Me 2 H„Ind) 2 ZrCl 2 
Me 2 Si (Flu) 2 ZrCl 2 



Me,Si (2, 4, 7-Me 3 Ind> 2 ZrCl 2 
Me 2 Si (2-MeH 4 Ind) 2 ZrCl 2 
Me,Si (2, 4, 7-Me 3 H«Ind) 2 ZrCl 2 
C 2 H, (Flu) .ZrCl, 



10 



wherein Me=methyl, Cp=cyclopentadienyl , Ind=indenyl # 
Flu-fluorenyl, Ph=phenyl , H 4 Ind=4 , 5 , 6 , 7-tetrahydroindenyl 

The alumoxane compound suitable for the process 
according to the present inv ntion is a linear, branched 
or cyclic compound containin at least one group of the 
formula (III) : 



15 



20 



R 4 



'Al- 



•Al 



R 4 



R 4 



(III) 



wherein the R 4 substituents , same or different from each 
other, can be a -0-Al(R 4 ) 2 group or a R 1 substituent, 
wherein R l is as defined above, and, optionally, some of 
the R 4 substituents can be an halogen atom. 

In particular, alumoxane compounds which can be 
used in the process of the present invention are the 
linear alumoxanes represented by the formula (IV) : 



25 



30 



R' 



'Al- 



R" 

s 

■Al- 



•Al' 



n 



R 4 



R 4 



(IV) 



wherein n is 0 or an integer from 1 to 40, and the cyclic 
alumoxanes represented by the formula (V) : 



R 4 
I 

■Al- 



O- 



(V) 



n 
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wherein n is an integer from 2 to 40. 

In the formulas (IV) and (V), R 4 is as defined 
above, preferably is a C,-C 4 hydrocarbon group and, more 
preferably, a methyl group or isobutyl group. Non 
5 limitative examples of alumoxane compounds suitable for 
the process of the present invention are methylalumoxane 
(MAO) and tetraisobutyl -di -alumoxane (TIBAO) . 

Non limitative examples of organometallic 
aluminium compounds of the formula (II) are: 
10 Al(Me) 3 , Al(Et) 3 , AlH(Et) 2 , Al(iBu) 3 , AlH(iBu) 2 , Al(iHex). 3 , 
A1(C 5 H 5 ) 3 , ' Al(CH 2 C 6 H 5 ) 3 , Al (CH 2 CMe 3 ) 3 , Al ( CH 2 SiMe 3 ) 3 , 
AKMeKiBu, Al(Me) 2 Et, AlMe (Et ) 2 , AlMe(iBu) 2 , Al(Me) 2 iBu, 
Al<Me) 2 Cl, Al<Et) 2 Cl, AlEtCl 2 , Al 2 (Et) 3 Cl 3 , wherein 
Me=methyl , Et=ethyl , iBu=isobutyl , iHex=isohexyl . Those 
15 preferred are the trimethylaluminium (TMA) and the 
triisobutylaluminium (TIBAL) . 

Non limitative examples of compounds capable of 
reacting with the metallocene compound to give a cat ionic 
alkyl metallocene are those represented by the formula^ 
Y*Z*, wherein y is a Bronsted acid, capable of donating a 
proton and of irreversibly reacting with a Q substituent 
of the compound of the formula (I) , and Z" is a non- 
coordinating, compatible anion, capable of stabilizing 
the active catalyst species and sufficiently labile to be 
25 displaced. by an olefinic substrate. Compounds of this 
type are described, for example, in the Published 
International Patent Application WO 92/00333, the 
contents of which are understood to be incorporated in 
the present description as a result of its mention. 
30 The slurry polymerization process of this 

invention can be performed either as a batchwise process 
or as a continuous process. 

The polymerization temperature generally ranges 
from about 0°C to about 2 00°C and, particularly, from 
3 5 about 20 °C to about 10 0°C. 



8NS0OCID: <WO 9325591 A1> 



SUBSTITUTE SHEET 



WO 93/25591 w PCT/EP93/01528 



10 



15 



According to a particularly advantageous 
embodiment of the present invention, after the slurry 
polymerization reaction is completed, the unreacted 
gaseous ethylene is flashed from the suspension of the 
polymer in the reaction medium which leaves the reactor. 
The temperature of the suspension is then raised until a 
solution of polymer is formed in the reaction medium 
which, after ethylene flashing, is substantially composed 
of liquid butene. This solution can be treated in a 
blender and, thereafter, recovery of the polymer is 
obtained by evaporation of the butene solvent. This step 
can be advantageously performed in equipment such as a 
devolatilizing extruder, thus obtaining the product 
directly in a processable form, i.e. bales, pellets etc. 

The copolymers obtainable from the process of 
this invention generally contain from 3 5% to 90%, 
preferably from 50% to 85%, by mole of ethylene units, 
from 5% to 65%, preferably from 15% to 50%, by moles of 
units deriving from 1-butene, and from 0% to 5%, 
preferably from 0% to 3%, by moles of units deriving from 
the polyene . 

The copolymers having up to about 8 0% by mole of 
ethylene units are substantially amorphous. The 
cristallinity of the copolymers appears for ethylene 
25 contents higher than about 80%, and the heat of fusion 
(AH f ) increases as the amount of ethylene units gets 
nearer to the upper limit of 90% by moles. 

Polyenes which can be used in the process of the 
present invention are: 

polyenes able to give unsaturated unit, for 
example : 

non- conjugated straight dienes, such as 
1,4-hexadiene trans, 1 , 4-hexadiene cis, 6- 
methyl -1,5- hept adiene , 3,7- dimethyl -1,6- 
octadiene, 11 -methyl- l, 10-dodecadiene ; 



20 



3 0. 



35 
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monocyclic diolefins such as, cis-1,5- 
cyclooctadiene and 5 -methyl - 1 , 5 - 
cyclooccadiene ; 

bicyclic diolefins such as, 4,5,8,9- 
5 tetrahydroindene and 6- and/or 7 -methyl - 

4,5,8,9- tetrahydroindene ; 

alkenyl or alkyliden-norbornenes such as, 
5 - e t hy 1 iden - 2 - norbornene , 5 - i sop ropy 1 iden - 
2 - norbornene , exo - 5 - i sopropeny 1 - 2 - 

10 norbornene; 

polycyclic diolefins, such as, 
bicyclopentadiene, tricyclo- [6 . 2 . 1 . 0 2 - 7 ] - 
4 , 9-undecadiene and the 4 -methyl 
derivative thereof; 

15 " non-conjugated diolefins able to cyclopolymerize , 

such as 1, 5-hexadiene, 1 , 6-heptadiene , 2 -methyl - 
1 , 5-hexadiene ; 

conjugated diolefins, such as butadiene or 
isoprene . 

20 The elastomeric copolymers obtainable from the 

process of the .present invention can be cured according 
to the methods known for the EPM and EPDM elastomers, for 
example by operating in the presence of peroxides or 
sulfur. The obtained products are endowed with valuable 

25 elastomeric properties, and can be utilized in the 

applications typical of the oi-olefinic elastomers, such 
as the EPM and EPDM elastomers. 

By means of the process of the present invention, 
it is thus possible to prepare an ethylene/a-olef in or 

30 ethylene/a-olef in/polyene elastomeric copolymer by a 
slurry reaction performed in the liquid a-olefin 
- comonomer, avoiding the occurring of fouling, and without 
the need to use additives or to utilize the metallocene 
catalyst in a supported and prepolymerized form. 

35 Another advantage of the process of this 
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invention, is that the recovery of the polymer can be 
performed without the need to employ steam as a stripping 
agent . a 

The following examples are supplied for purely 
5 illustrative and not limiting purpose. 

CHARACT ERIZATION 
DSC analysis have been carried out on a DSC7 
Perkin Elmer apparatus, from -25°C to 180°C, at scanning 
speed of 10°C/minute. The contents of 1-butene in the 
10 copolymer have been determined by "C-N.M.R. analysis, 
carried out by means of a BRUKER AC200 apparatus, at a 
temperature of 120°C The samples have been prepared by 
dissolving about 300 mg of the polymer in 2.5 mg of a 3-1 
mixture of trichlorobenzene/C 2 D 2 Cl, . The spectra have 
been recorded with the following parameters: 
relaction delay = 12 sec- 
counts number = 2000-5-2500. 

The intrinsic viscosities (I. v.) have been 
measured in tetrahydronaphthalene at 135 "c. 

The distributions of mc 2cular weight- (M w /M„) 
have been determined by GPC carried out by means of a 
WATERS 150 apparatus in orthodichlorobenzene at 135°c. 

For the physical -mechanical characterization of 
the polymers, blends have been prepared by means of a 
calender, having the following composition: 
100 g of copolymer; 
30 g of carbon black 550; 
5 g of ZnO; 
1 g of stearic acid; 

1 g of Sartomer 206, commercial product of 
Ancomer ; 

4 -5 g of Peroximon F40, commercial product of 
Atochem. 

The obtained blends have been compression moulded using a 
3 5 ton press, at a pressure of 2 00 Kg/cm 2 , at a 



20 
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temperature of 165°C and for a time period of 30 minutes. 
From the obtained specimens (200 x 120 x 2 mm) , dumbbells 
have been obtained for the determination of the tension 
set (200%, l minute, 23°C) and of the stress-strain 
curve. The elongation speed was of .500 mm/minute. 

CATALYST PREPARATION 
DIMETHYLSILANDI YL - BIS (FLUORENYL) ZIRCONIUM DICHTiOR TT)V. 
a) Preparation of dimethyl his ( f lunrenvl ) sil anp 

120 ml (300 mmol) of a 2 . 5M solution of n- 
butyllithium in hexane were added dropwise to a stirring 
solution of 50 g (300 mmol) of fluorene dissolved in 400 
ml of tetrahydrofuran (THF) , maintaining the temperature 
of the solution at 0°C throughout the addition. After 
addition was complete, the solution was warmed to room 
15 temperature and stirring continued for 5 hours after gas 
evolution had ceased. The fluorene anion formed in this 
step was then added dropwise to a stirring solution of 
0.15 mol dimethyldichlorosilane dissolved in 100 ml THF 
and maintained at 0°C during the addition. After the 
addition was complete, the solution was warmed to room 
temperature, and stirring was continued for 17 hours. 
The reaction was quenched with the addition of 150 ml 
water, and the organic layer was dried over magnesium 
sulfate. The solvents were removed under vacuum and the 
25 solids collected were recrystallized from hexane, 

yielding 37.8 of dimethylbisf luorenylsilane (Me 2 SiFlu 2 ) , 
whose structure and chemical purity were confirmed by 
GC-MS and *H NMR. 

b) Preparation of dimethvlsilandi vl. -bis ( f luorenvl) 

30 zirconium dichloride 

8.5 g (0.0219 mol) of the Me,SiFlu - ligand 
obtained above were dissolved in 75 ml of diethylether 
(Et a O) . 31.25 ml of methvllithium (1.4 M solution in 
Et 2 0) were added dropwise, maintaining the solution at 0°C 

3 5 during the addition. After addition was complete, the 
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slurry was warmed to room temperature and stirring was 
continued for 5 hours after the gas evolution had ceased. 
Solvents were then removed by filtration, and the bright 
yellow powder that was obtained was washed with Et 2 0 and 
pentane to remove any unreacted methyllithium and ligand. 
The so obtained ligand dianion was then resuspended in 
100 ml Et 2 0 and added dropwise to a rapidly stirring 
suspension of 5.1 g (0.0219 mol) of ZrCl. in pentane 
maintained at -78°C during the addition. After addition 
was complete, the slurry was allowed to warm to room 
temperature, and stirring continued for 17 hours. The 
slurry was then filtered, and the bright red solids that 
were collected were washed with Et z O and pentane prior to 
being dried under vacuum at room temperature. Yield was 
15 13.56 g. This product was used without further 
purification in the following examples. 
ETHYLENE -BIS ( 4 - 5 . 6 . 7 - TETRAHYPRQINDENYIO ZIRCOMTPM 
D 1 CHLORIDE 

a) Preparation of i , 2 -bis ( i ndenvl ) ei-han^ 

20 The preparation described in "Ewen J., j. Am. 

Chem. Soc, i98Z, 109, 6544, Suppl . mat." was carried 
out . 

In a 2 litre 2 -necked round- bottomed flask, 
50.8 g of indene (437 mmols) were dissolved under inert 

25 atmosphere with 500 ml of tetrahydrofuran and cooled to 

-78°C. Then, 175 ml of n-butyl lithium (2.5 M in hexane, 
437.5 mmols) were slowly added dropwise over 1 hour. The 
mixture was allowed to heat up to room temperature and 
was kept stirred for 4 hours . 

30 Then the mixture was cooled to -78°C and 40.42 g 

of 1,2-dibromoethane (215 mmols) dissolved in 100 ml of 
tetrahydrofuran were added dropwise over 20 minutes. At 
the end of the addition the temperature was raised to 
50 °C and, after stirring for 12 hours, was cooled up to 

35 room temperature and 20 ml of water were added. 
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The organic phase was dried and the residue was 
extracted with pentane . 

By evaporation under vacuum 28.65 g of product 
were obtained. The yield was 51.6%. 

b) Pre paration of ethvlene-bis (indeny l) zircnnium 

dichloride 

In a 250 ml two-necked round-bottomed flask, 
provided with cooler, 8 g (31 mmols) of 1.2- 
bisindenylethane and 100 ml of anhydrous tetrahydrof uran 
were fed, thus obtaining a yellow solution. 

After cooling to -78 °C, 40 ml of n-butyllithium 
(1.6 M in hexane, 64 mmols) were added dropwise in the 
solution thus obtaining a precipitate which, by heating, 
dissolves again giving a reddish-yellow solution. 
15 In a 250 ml four-necked round -bottomed flask 

provided with cooler, 8.67 g of ZrCl 4 (37.2 mmols) were 
introduced. After cooling to -196°C, 50 ml of 
tetrahydrofuran were condensed in it (very stark 
exothermic reaction) . This was left to reach room- 
temperature and then was heated under reflux for 4 0 
minutes . 

At room temperature and whilst stirring the 
solution of the lithium salt of the bis indenyle thane was 
added to the solution of the adduct ZrCl«/THF and the 
25 mixture was kept stirred for 2 0 hours in the dark. 

At 0°C gaseous HC1 was bubbled in, thus obtaining 
a yellow solution together with a precipitate of the same 
colour. The solution was concentrated under vacuum by 
evaporating a part of the solvent, it was cooled to -20°C 
30 and filtered off. 

The precipitate was further purified by 
.extraction with dichloromethane , thus obtaining 2.3 g 
(14.7%) of product. 

c > Prepara tion of ethvlene-bis (4 . 5 . 6 . 7- 

35 tetrahvdroinde nvl) zirconium dichloride 



20 
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The mechod of preparation described in "F.R.W.P. 
Wild, M. Wasiucionek, G. Huttner and H.H. Brintzinger, J. 
Organotnet. Chem. 288, 1985 . 63" was followed. 

A suspension of 1 g of ethylene -bis (indenyl) 
zirconium dichloride (2.4 mmols) and 80 mg of Pt0 2 in 
25 ml of CH 2 C1 2 was hydrogenated in autoclave under 100 
bar H, for half an hour at room temperature. The reaction 
mixture was diluted with 500 ml of CH,C1 2 , was filterad 
off and the solvent was evaporated under vacuum. 

The residue, after having been washed with 
pentane, was recrystallized from hot toluene. 640 mg 
(64%) of product were thus obtained. 

DIMETHYLS ILANDIYLB IS (4,5.6 . 7 -TET RAHYDRO INDENYL) ZIRCONTTTM 
DICHLORIDE 

15 a) Preparation of b is (indenyl ) dimethvlsilanP 

In a 1 litre 3 -necked round -bottomed flask, 
provided with funnel and nitrogen tap, 30 ml of indene 
(257 mmols) and 300 ml of anhydrous tetrahydrof uran were 
fed. The mixture was coole to -80°C and 170 ml of n- 

20 butyllithium (1.6 M in hexe 272 mmols) were slowly 
added dropwise . The mixture, /as allowed to return to 
room temperature, was kept under agitation for 3 hours 
and was added to a solution of 15.6 ml (129 mmols) of 
dichlorodimethylsilane in 200 ml of tetrahydrof uran. 

25 After being left to react overnight, this was 

treated with 20 ml of water. The phases were separated, 
the solvent was evaporated under vacuum and the residue 
was treated with hexane and dried on anhydrous sodium 
sulfate. After having evaporated the hexane, 3 8.5 g of 

3 0 red oily product which was purified by chromatography on 
silica gel (eluent=hexane) were obtained. The yield was 
18.8 g (51%) . 

b) Preparation of dimet-h ylsilanriivl-bis ( indenvl ) 

zirconium dichloride 
35 The procedure described in "W.A. Heramann et al . , 
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Angew. Chem . Int. Ed. Engl., 1989 . 28, 1511" has been 
followed . 

9.4 g of bis (indenyl) dimechylsilane (32.59 Mm) 
dissolved in 70 ml of anhydrous tetrahydrof uran were 
Created at -78 °C with slow dropwise addition of 40.7 ml 
of n-butyllithium (1.6 M in hexane , 65.2 mmols) , thus 
obtaining a green solution. This solution was allowed to 
return to room temperature while keeping under stirring 
for one hour. 

The solution, which changed to red colour, was 
added dropwise over about one hour and at room 
temperature into a suspension of 12.4 g of ZrCl, . 2THF 
(32.9 mmols) in 70 ml of anhydrous tetrahydrof uran and 
was left under stirring for 18 hours. An orange-yellow 
15 precipitate was formed. 

The reaction mixture was reduced to half volume 
by evaporation of the solvent under vacuum, the 
precipitate was collected by filtration and washed first 
with a small quantity of tetrahydrof uran at -20°C and 
then with some ethyl ether. The yield was 4 . 97 g (34%) . 

c) Preparation of dimet-. hvlsilandivl-bifi (4.5.6.7- 

tetrahvdroinden yl) zirconium dichloride 
In a 250 ml test tube, 2.856 g of 
dimethylsilandiyl -bis (indenyl) zirconium dichloride and 

2 5 15 0 ml of CH 2 C1 2 were added under an inert atmosphere. 

After 15 minutes of stirring, an orange solution was 
obtained. To this solution, 127.5 mg of Pt0 2 were added 
and, subsequently, it was transferred into a 250 ml glass 
autoclave, where it was left under 2 ata of H 2 for 1 hour, 

3 0 then 4 ata of H 2 for a further 3 hours. The reaction 

mixture was then filtered off, the residue was treated 
with 90 ml of toluene and filtered off again. The solid, 
after having been washed with pentane , was dried under 
vacuum. 1.0 92 g of product were obtained. 

35 
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ETHYLENE -BIS (4,7 ■DI METHYL * 1 - INDENYL ) ZIRCONIUM BICHLORIDE 

a) Preparation of 4 , 7-dimethvlindene 

The synthesis has been carried out according to 

the method described in "Organome tallies , 1990, 9, 3098" 
5 (54% yield from p-xylene) . 

b > Preparation of 1 , 2 -bis (4 , 7 -dimethyl - 3 - indenvl ) 

ethane 

3 8.2 g (2 65 mmol) of 4 , 7 -dimethylindene was 
dissolved in 3 50 ml of tetrahydrof uran and the solution 

10 was cooled to 0°C. Then 165 ml of n-butyllithium (1,6 M 
in hexane, 264 mmol) was added dropwise over 2.5 hours. 
After warming to room temperature and stirring for 4 
hours a purple solution of 4 , 7 -dimethylindenyl - lithium 
was obtained. This solution was cooled to -70°C and 

15 treated dropwise with 25.3 g of 1 , 2 -dibromoe thane (135 
mmol) in 15 ml of tetrahydrof uran over 3 5 min. After 
warming to room temperature, a pale yellow solution was 
obtained, and then water was added. The organic phase 
was collected and dried over Na 2 S0 4 . The solvent was 

2 0 removed by vacuum evaporation to provide 20 g of crude 

product (48% yield) . 

c) Preparation of rac-ethvlene-bis (4 , 7 -dimethyl - 1 - 

indenvl) zirconium dichloride 

A suspension of 10 g of l, 2-bis (4 , 7-dimethyl-3- 
25 indenyl) ethane (31.8 mmol) in 80 ml of tetrahydrof uran 
was added via cannula to a stirred suspension of 2.82 g 
of KH (70.3 mmol) in 16 0 ml of tetrahydrof uran . 

After hydrogen generation had subsided, the 
resulting brownish solution was separated from excess KH. 
This solution and a solution of 12 g of ZrCl 4 (THF) 2 (31.8 
mmol) in 250 ml of tetrahydrof uran were both added 
.dropwise via cannula to a flask containing 50 ml of 
rapidly stirring tetrahydrof uran over 3 hours. 

A yellow solution and a precipitate formed. 

3 5 After removing the solvent in vacuo, the orange -yellow 
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residue (mixture of racemic and meso isomers 2.33:1 by l u 
NMR) was extracted with CH 2 C1 2 until all orange product 
had dissolved. The 1 . 7 g of yellow solid resulted to be 
a single stereoisomer, namely the meso (11.3% yield) . 
5 Evaporation of CH 2 C1 2 from the orange solution 

gave 4.9 g of an orange solid corresponding to a mixture 
of 93.7% racemic and 6.3% meso isomers (32.5% yield). 
This solid was then recrystallized in toluene at -20°C. 
BIS (INDENYL) ZIRCONIUM DICHLORIDE 

10 All the operations were carried out under inert, 

atmosphere. 7.0 ml of indene (60 mmols) were dissolved 
in 20 ml of anhydrous tetrahydrof uran, the solution was 
cooled to -78°C and was treated with 40.0 ml of n- 
butyllithium (1.5 M in hexane, 60 mmols) . This was 

15 heated to room temperature, thus obtaining a red coloured 
solution. 

In a 100 ml round-bottomed flask provided with 

reflux condenser, 7 g of ZrCl 4 (30 mmols) were cool"ed to 

-78°C and treated with 30 ml of tetrahydrof uran 
2 0 (exothermic reaction) . Thereafter, the whole was heated 

under reflux for 3 0 minutes, until a clear, brown 

coloured solution was obtained. 

The solution of indenyl lithium was added, at 

room temperature, to the solution of the ZrCl 4 /THF adduct . 
25 It was kept under stirring for 2 hours (a yellow 

suspension was formed) and thereafter the solvent was 

completely evaporated. 

The residue was suspended in ethyl ether, was 

filtered off, washed repeatedly with ether* and extracted 
30 with dichloromethane . The solution was dried and the 

product was washed with ether and then with pentane : 

4.35 g of bisindenylzirconiumdichloride were thus 

obtained (36 . 8%) . 

METHYIALUMQXAKE 

35 Methylalumoxane (MAO) was used as a free flowing 
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white powder obtained from commercial 3 0% w/w solution 
toluene (Schering, MW 14 00) by removing the volatiles 
under vacuum (4 hours, 40°C, 0.1 mmHg) . 
TETRAI SOB UTYLD IALPMOXANE 
5 Tetraisobutyldialumoxane (TIBAO) was a commercial 

product (3 0% w/w solution in cyclohexane from Schering 
AG) and was used as received. 

POLYMERIZATION EXAMPLES 

EXAMPLES 1-4 

10 Into a 2.6 litre stainless-steel autoclave 

equipped with magnetic stirrer, manometer, temperature 
gauge, system for loading the catalyst and for feeding of 
the monomers, and thermostating jacket, previously purged 
with ethylene at 80°C, the quantities of water, l-butene, 
15 ethylene and hydrogen reported in Table 1 were 

introduced. Parallel to this, a solution of the 
cocatalyst in toluene (0.2 g/cc) was added to 
dimethylsilandiyl -bis (fluorenyl) zirconium dichloride (2 
ml solution/mg Zr) . The obtained solution was kept under 
20 stirring for 5 minutes at a temperature of 20°C, then the 
required amount was injected into the autoclave under a 
pressure of ethylene. Thereafter, a mixture ethylene/1 - 
butene is fed in a ratio such that the relative 
concentration of ethylene and l-butene in solution was 
25 kept constant. The temperature is then rapidly raised to 
the polymerization value. After the time indicated in 
Table 1, the polymerization reaction is stopped by 
injecting CO. After having purged the unreacted 
monomers, the solid product was dried under vacuum. 

The polymerization conditions and the yields are 
reported in Table 1. The characterizations of the 
obtained polymers are reported in Table 2. No fouling 
was observed in the reactor. 
EXAMPLES 5-fl 

The same procedure described in Examples 1-4 was 
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carried out, excepc that a 4.0 1 stainless-steel 
autoclave was used and that, instead of 

dimethylsilandiyl -bis ( f luorenyl ) zirconium dichloride , the 
zirconocenes indicated in Table i were used. When MAO 
was used as the alumoxane compound, 5 0% of the amount 
utilized was added in the autoclave before the catalyst 
addition . 

The polymerization conditions and the yields are 
reported in Table 1. The characterizations of the 
obtained polymers are reported in Table 2 . No fouling 
was observed in the reactor. 
EXAMPLE 9 

In a 1 litre stainless steel autoclave, 255 g of 
butene were introduced. The temperature was raised to 

15 50°C and a solution obtained by mixing 0.16 ml of a'- : 
4.34.10" 3 M toluene solution of ethylene-bis (4 , 5 , 6 , 7 - 
tetrahydroindenyl) zirconium dichloride and 2.4 5 ml of a 
0.4 m toluene solution of triisobutyl aluminium in 7.5 ml 
of toluene containing 1.12 mmols of H 2 0 and precontacting 

20 the two solutions for 5 minutes, was introduced. 

Thereafter ethylene was fed until an overpressure of 4"' 
atm was reached, which was maintained constant whilst 
stirring for 1 hour at 50 °C. After removal of the 
unreacted monomer and drying, 7.90 g of amorphous polymer 

25 were obtained (I. v. = 2.96). The butene content, 

determined by 13 C NMR analysis, is 29.1% by mols . No 
fouling was observed in the reactor. 
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CLAIMS : 

1 • A process for the preparation of an elastomeric 

ethylene-based copolymer, comprising the slurry 
5 polymerization reaction of a mixture which comprises 
ethylene and 1-butene, in a polymerization medium 
consisting essentially of liquid 1-butene together with 
dissolved ethylene gas, in the presence of catalytic 
amounts of a non prepolymerized catalyst based on a 
10 metallocene compound of Ti , Zr or Hf . 

2. The process according to claim 1, wherein the 
mixture for the slurry polymerization reaction comprises 
a minor amount of a polyene. 

15 

3. The process according to claim 1, wherein the 
catalyst comprises the product obtained by contacting: 
(A) a metallocene compound of the formula (I) : 

20 (C 5 RVJ^(C s RV m )MQ 2 (i) 



wherein M is a metal selected from the group 
consisting of Ti , Zr and Hf; the C s R\. m groups, 
same or different from each other, are equally or 
differently substituted cyclopentadienyl rings; 
the substituents R 1 , same or different from each 
other, are hydrogen atoms, alkyl, alkenyl, aryl , 
alkylaryl or arylalkyl radicals containing from 1 
to 20 carbon atoms, which may also contain Si or 
Ge atoms, or Si(CH 3 ) 3 groups, or two or four 
substituents R 1 of the same cyclopentadienyl ring 
can form one or two rings having from 4 to 6 
carbon atoms; R 2 is a bridging group which links 
the two cyclopentadienyl rings and is selected 
among CR X 2 , C 2 R\, SiR 1 ,, Sx 2 R\, GeR\ , Ge 2 R\ , 



BNSDOCID: <WO 9325591 A1> 



SUBSTITUTE SHEET 



WO 93/25591 PCT/EP93/01528 



23 

R^SiCR^, MR 1 or PR 1 , wherein the substituents R 1 , 
same or differenc from each other, are defined as 
above; the substituents Q, same or different from 
each other, are hydrogen, halogen atoms, OH, SH, 
R 1 , OR 1 , SR\ NR\ or PR\, wherein the substituents 
R 1 , same or different from each other, are defined 
as above ; m can be 0 or l ; and 
(B) an alumoxane compound, or at least one compound 

capable of reacting with the metallocene compound 
to give a cationic alkyl metallocene. 



10 



4. The process according to claim 3, wherein the 

metallocene compound of the formula (I) is pre-reacted 
with an organometallic aluminium compound of the formula 
15 (II) : 

A1R 3 3 .,H, (II) 



20 



v -rein the substituents R 3 , same or different from each 
other, are alkyl, alkenyl or alkylaryl radicals 
containing from 1 to 10 carbon atoms, which may also 
contain Si or Ge atoms, and z can be 0 or 1 . . 

5. The process according to claim 3, wherein the 

25 alumoxane compound is in admixture with an organometallic 
aluminium compound of the formula (II) ; 

A1RY 2 H Z (II) 

30: wherein z and the substituents R 3 are as defined above. 

6 '- The process according to claim 3, wherein the 

metal M in the metallocene compound of the formula (I) is 
zirconium. 

35 
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7 - The process according to claim 3, wherein the 

substituents Q in the metallocene compound of the formula 
(I) are chlorine atoms or methyl groups. 

5 8. The process according to claim 3, wherein the 

metallocene compound is selected from the group 
consisting of ethylene-bis (4 , 5 , 6 , 7- tetrahydroindenyl ) 
zirconium dichloride and dimethylsilandiyl -bis ( f luorenyl ) 
zirconium dichloride. 

10 

9. The process according to claim 3, wherein the 

alumoxane compound is a linear, branched or cyclic 
compound containing at least one group of the formula 
(III) : 




(III) 



20 wherein the R 4 substituents, same or different from each 
other, can be a -0-Al(R 4 ) 2 group or a R 1 substituent, 
wherein R 1 is as defined above. 

10. The process according to claim 9, wherein a part 
25 of the R 4 substituents are halogen atoms. 

11. The process according to claim 9, wherein R 4 is 
selected from the group consisting of a methyl group and 
an isobutyl group . 

30 

12. The process according to claim 1, wherein, after 
completion of the slurry polymerization reaction, the 
following further steps are performed: 

flashing of the unreacted ethylene from the 
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suspension of the polymer in the reaction medium; 
raising of the temperature of said suspension 
until a solution of the polymer is formed in the 
reaction medium; 

recovering of the polymer from said solution by 
evaporation of the butene solvent. 



13. The process according to claim 12, wherein the 

step of recovering the polymer is performed in a 
10 devolatilizing extruder. 
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